3 High AA levels in aqueous humour and intraocular tissues including the lens and cornea are thought to protect against the harmful effects of the photochemical and ambient oxidation reactions involving oxygen and its radicals.4 AA is supplied to the eye from the plasma. The ciliary body transports AA across the blood-aqueous barrier into the aqueous humour.s It is generally thought that the aqueous humour serves as a source of AA for all other ocular tissues. Numerous studies in many cell types and tissues have defined roles for AA in protein and catecholamine biosynthesis, in collagen, lipid and iron metabolism, in hormone activation and as an antioxidant. 6 The role(s) of AA in wounded ocular tissues has not been widely studied and is even less understood. The millimolar concentrations present in each of the ocular tissues certainly argues for an important function. A high concentration of ascorbate in the eye may be an adaptation that protects the eye against solar radiation.3 AA decreases the photoperoxidation of the membranes in the lens? In human cataractous lenses, it was reported that AA is dramatically reduced. In persons taking supplementary vitamin C alone, or vitamin C and E in combination, senile cataract risk is reduced by approximately 70%. Antioxidants may also be effective in preventing diabetic cataractogenesis.8 In case of wounding, tissue is in need of more AA than for normal tissue activities and AA deficiency impairs collagen synthesis. 9 In an attempt to identify an agent which would accelerate corneal wound healing, Pfister and co-workers tested the effect of subcutaneous injections of ascorbate, a vitamin necessary for collagen synthesis, on the tensile strength of corneal lacerations in vitamin C deficient rabbits with mild-alkali-burned eyes or normal eyes. Parenterally administered ascorbate had no beneficial effect on the tensile strength of corneal wounds in normal rabbit eyes but did significantly increase the tensile strength of wounds in mild-alkali-burned Eye (2001) 15, 213-216
Introduction
Ascorbic acid (AA) is found throughout the eye of many species in high concentrations relative to most other tissues.1 AA concentrations of some ocular tissues in diurnal animals are times that of the plasma? Concentrations up to 3 mmol/l are reported in aqueous humour and BILGE GO NU L, BIRSEN KAPLAN, KAMIL BILGIHAN, MURAT TIMUR BUDAK the lens.3 High AA levels in aqueous humour and intraocular tissues including the lens and cornea are thought to protect against the harmful effects of the photochemical and ambient oxidation reactions involving oxygen and its radicals. 4 AA is supplied to the eye from the plasma. The ciliary body transports AA across the blood-aqueous barrier into the aqueous humour.s It is generally thought that the aqueous humour serves as a source of AA for all other ocular tissues. Numerous studies in many cell types and tissues have defined roles for AA in protein and catecholamine biosynthesis, in collagen, lipid and iron metabolism, in hormone activation and as an antioxidant. 6 The role(s) of AA in wounded ocular tissues has not been widely studied and is even less understood. The millimolar concentrations present in each of the ocular tissues certainly argues for an important function. A high concentration of ascorbate in the eye may be an adaptation that protects the eye against solar radiation.3 AA decreases the photoperoxidation of the membranes in the lens? In human cataractous lenses, it was reported that AA is dramatically reduced. In persons taking supplementary vitamin C alone, or vitamin C and E in combination, senile cataract risk is reduced by approximately 70%. Antioxidants may also be effective in preventing diabetic cataractogenesis.8 In case of wounding, tissue is in need of more AA than for normal tissue activities and AA deficiency impairs collagen synthesis. 9 In an attempt to identify an agent which would accelerate corneal wound healing, Pfister and co-workers tested the effect of subcutaneous injections of ascorbate, a vitamin necessary for collagen synthesis, on the tensile strength of corneal lacerations in vitamin C deficient rabbits with mild-alkali-burned eyes or normal eyes. Parenterally administered ascorbate had no beneficial effect on the tensile strength of corneal wounds in normal rabbit eyes but did significantly increase the tensile strength of wounds in mild-alkali-burned eyes.1 0 Saika and co-workers' observations also support a therapeutic role for ascorbate in the repair of corneal stromal damageY Epidermal growth factor (EGF) is a single polypeptide chain and contains three disulphide bonds. EGF stimulates corneal epithelial wound healing. Local daily application of EGF enhances epithelial cell mitosis, accumulation of granulation tissue cells, collagen and glycosaminoglycans in experimental rat woundsY It was reported that peptide growth factors such as platelet derived growth factor (PDGF), EGF, fibroblast growth factor a (aFGF) and fibroblast growth factor b (bFGF) are able to increase keratocyte migration. When released during tissue damage, they may undertake the task of recruiting keratocytes from adjacent stroma to invade the wound, where remodelling and reconstruction of the damaged site is carried outY Topical application of EGF increases the tensile strength of full-thickness corneal incisions in rabbits.14 Several factors combine to suggest that a controlled release delivery system of EGF will enhance its effectiveness. Repeated or prolonged administration is necesary for effective therapy.lS Studies report on the use of liposomes, lipid-surfactant micelles, oil vehicles, emulsions, microemulsions, etc., for drug delivery. 16 Carbopol 940 preparations are developed as long-lasting artificial tears (AT) for the relief of dry eye syndrome and traumatic injury. We have previously identified the positive effects of AT solutions on wound healing by topical treatmentP
This study was planned to observe the effect of EGF in an AT preparation on the corneal wound healing and the AA status of related eye tissues.
Materials and methods

Animals
Adult male and female (total 36) New Zealand albino rabbits weighing 1.5 :':: 0.5 kg were used, in compliance with the ARVO Resolution on the Use of Animals in Research. Animals were placed in separate cages. They were maintained at 20 :':: 2 °C in a daily light/ dark cycle and were fed with a normal diet and vegetables for 7 days prior to operation for adaptation to the laboratory conditions. They were kept in the same conditions after the operation for 6 days. Experiments were done in the summer.
Experimental protocol
There were three groups of 12 animals each: 1. Untreated controls 2. AT treatment, 5 J.Ll twice a day, for 6 days 3. EGF treatment in AT solution (1 mg/l) 5 J.Ll twice a day, for 6 days Rabbits were anaesthetised by intramuscular injection of mixed ketamine + xylazine (35 mg/kg, 5 mg/kg) and topical propacain before wounding. Five millimetre long corneal full-thickness wounds were made horizontally with a surgical blade in the middle of the cornea of the right eye, causing loss of aqueous humour, under direct visualisation through an operating microscope. The samples were vortexed, and the optical density at 515 nm was measured.
As there were 6 ariimals in each group, statistical analysis was carried out using the Mann-Whitney U-test with Statview program. p < 0.05 was considered to be significant. EG:: was prepa . red in Thilo-Tears gel 1 mg/l and applied topically 5 ILl twice a day to the wound for 6 days; experiments were carried out on the seventh post-operative day.
Results
In this study, the healing rate of the EGF-treated corneal wounds is shown by the tensile strength of the wound, compared with the untreated group. At the end of the treatment, the tensile strength of the EGF+AT-treated corneal wounds was compared with that of the control wounds, along with aqueous humour and corneal wound tissue AA levels.
The tensile strength of the AT -treated eyes was higher than that of the controls. EGF treatments in AT also increased the average intraocular pressure causing rupture of the full-thickness corneal wound. P ressures increased from 340 mmHg in controls to 550 mmHg in the AT-treated group and to 701 mmHg in the EGF+AT treated group on the seventh post-operative day (Table 1) .
AA levels in the tissues of corneal wounded eyes after 7 days of topical AT and EGF+AT treatment were determined and compared with controls ( Table 2 ). The aqueous humour and corneal wound tissue AA levels of EGF-treated eyes were higher than those of the controls on the seventh post-operative day (p < 0.05). .u. twice a day to the wound . In conclusion, this study's results show firstly that aqueous humour serves as a source of vitamin C for wounded cornea and secondly that there may be a relation between treatment with EGF in artificial tears, or treatment with artificial tears alone, and AA levels of corneal wounded eye tissues.
